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Introduction:  To achieve breakthroughs in the ar-

eas of heliospheric and magnetospheric energetic neu-
tral atom (ENA) imaging a new class of instruments is 
required. We present a high angular resolution ENA 
imager concept aimed at the suprathermal plasma pop-
ulations with energies between 0.5 and 20 keV. This 
instrument is intended for understanding the spatial 
and temporal structure of the heliospheric boundary 
recently revealed by Interstellar Boundary Explorer 
(IBEX) instrumentation and the Cassini Ion and Neu-
tral Camera (INCA). The instrument is also well suited 
to characterize magnetospheric ENA emissions from 
low-altitude ENA emissions produced by precipitation 
of magnetospheric ions into the terrestrial upper at-
mosphere, or from the magnetosheath where solar 
wind protons are neutralized by charge exchange, or 
from the ring-current region. We present a new tech-
nique utilizing ultra-thin carbon foils, 2D collimation, 
and a novel electron optical design to produce high-
angular resolution (≤2°) and high-sensitivity (≥ 10-3 
cm2 sr/pixel) ENA imaging in the 0.5-20 keV energy 
range [1]. 
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Figure 3. A conceptual drawing of the Low Energy Neutral Imager (LENI). 
 

Electron optics 
LENI, like the Jupiter Icy Moon Explorer (JUICE) Jovian Energetic Neutrals and Ions 

(JENI) (Mitchell et al. This issue; Energetic Particle Imaging – the Evolution of 
Techniques in Imaging High Energy Neutral Atom Emissions), Cassini INCA (Krimigis et 
al. 2004), and Image HENA (Mitchell et al. 2000), relies on acceleration and steering of 
secondary electrons by electrostatic fields to achieve both accurate timing and position 
resolution required for imaging ENAs. The LENI electron optical design has the 
following advantages over previous generation ENA imagers: 
1. The image is produced from the entrance to the first foil prior to angular scattering and 

energy straggling, reducing the effects of scattering in the image 
2. Narrow stop and coincidence timing windows result in a large reduction of the 

background 
3. Spatial coincidence between the start, stop, and coincidence signals for additional 

background rejection 
4. Particle detection does not rely on charge-conversion through the carbon foils or onto a 

charge conversion surface 

 

 

 
Figure 1: Conceptual drawning of LENI. 
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Figure 4. The electron optics design of LENI is optimized for high angular and 

energy resolution imaging. The figure shows a SIMION 2D simulation of trajectories 

through the LENI instrument. Black shows the path of the primary ENA through the 

collimator and start and stop foils. The green shows the start and coincidence electrons 

derived from the back and front of the start foil respectively. The blue shows the paths 

of the stop electrons produced on the stop foil. The inset shows how the collimator MCP 

doubles as an electron multiplier producing a large start signal. 

 

LENI utilizes a variation of the mirror-free electron optics developed and flown 

successfully for the hockey puck style ion detectors (New Horizons PEPSSI (McNutt et 

al. 2009), Van Allen RBSPICE (Mitchell et al. 2013), Juno JEDI (Mauk et al. 2013), MMS-

EIS (Mauk et al. 2014).  This electron optical arrangement operates by placing a puller 

electro-optical element towards the MCP and a pusher element above as shown in the 

electron optical SIMION simulation in Figure 4. The 1 kV stop foil accelerates the 

electrons from the backside of the start foil which are then detected on the same MCP as 

the stop electrons. The exit of the second foil is nearly identical to the region above the 

entrance MCP and has been modified slightly to accommodate both the electrons 

produced on the second foil and the accelerated electrons from the first foil. We note 

that the 1 kV accelerated electrons do not interact strongly with these thin foils and can 

therefore be efficiently accelerated through the foil with minimal losses. Extrapolating 

the experimental data from Kanter (1961) results in a critical energy (the energy 

required to transmit through the foil) of ~100 eV, and an energy loss of under 10%. 

Because ~1kV electrons are much faster than any of the ENAs for which this instrument 

is designed, false stops generated by those few coincidence electrons that do generate 

secondaries at the exit surface of the Stop foil will generate a TOF too short for a valid 

ENA, and the false event will be rejected. 

 
Figure 2: Schematic illustrating the electro-optics 
design using a particle simulation software package 
(SIMION).  
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